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Abstract - The rapid growth of remote software
development and online programming education has

created a strong demand for browser-based environments
that allow developers and students to write, run, and computing has created new opportunities for remote

review code together in real time. Traditional Integrated collaboration in software development and programming
education. Collaborative coding allows multiple

developers or students to write and review code

1. INTRODUCTION

The rapid development of internet technologies and cloud

Development Environments (IDEs) are single-user tools
that offer limited support for simultaneous multi-user

workflows. simultaneously, reducing development time and
improving code quality through immediate peer

To address this problem, a Real-Time Collaborative feedback.

Coding Platform named CodeFlow is proposed. The

platform is designed as a web-based system that enables Real-time coding platforms allow instructors to conduct

multiple users to simultaneously edit, execute, and review ~ 1ive coding sessions, students to collaborate on

code within a shared browser-based environment. Users programming assignments, and development teams to

can create or join rooms, collaborate on code in real time, perform remote pair programming. These platforms

and submit solutions to programming challenges that are create a shared digital workspace where participants can

evaluated automatically against predefined test cases. observe each other's changes instantly, execute code in

multiple programming languages, and evaluate solutions

The system is developed using modern web technologies against automated test cases.

including React.js with Monaco Editor for frontend
Despite the availability of existing tools such as Replit

and CodeSandbox, many users face difficulties such as

development, Node.js with Express.js and Socket.io for
backend services and real-time communication, and e .
MySQL with Sequelize ORM for database management. limited challenge management, lack of analytics, and

The platform includes features such as real-time code inability to support institutional customisation. Small

synchronisation, room management, code execution educational institutions and independent learning

sandbox, challenge management, and an analytics communities often require a simpler, more integrated

dashboard. platform for managing collaborative coding activities.

The proposed system simplifies collaborative coding by The Real-Time Collaborative Coding Platform
providing a structured digital environment where (CodeFlow) is developed to provide a unified digital
developers, students, and instructors can work together environment where users can collaboratively write and
execute code, attempt programming challenges, and track

their progress through an analytics dashboard. The

efficiently. The platform improves accessibility for
learners and helps instructors monitor and evaluate
coding performance in real time. platform acts as a centralised system that manages real-
time editor synchronisation, code execution, challenge

Key Words Real-Time Collaboration, Coding Platform, . .
evaluation, and user performance analytics.

WebSocket, Socket.io, Monaco Editor, React.js, Node.js,
MySQL, Code Execution, Online Judge.
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2. BODY OF PAPER

2.1 System Overview

The Real-Time Collaborative Coding Platform is
designed as a web-based system that connects developers,
students, and instructors through a shared coding
environment. The platform provides a digital workspace
where users can create or join coding rooms,
collaboratively edit code using a shared Monaco Editor
instance, and execute code in multiple programming
languages.

The system simplifies the collaborative coding process by
organising editor sessions, room management, challenge
submissions, and user analytics in a centralised platform.
Room owners can configure rooms as public or private,
set programming languages, and manage participants,
while users can browse available rooms and join sessions
using invite codes. This structured workflow improves
collaboration and helps instructors monitor student
performance in real time.

2.2 System Architecture

The Real-Time Collaborative Coding Platform follows a
three-tier architecture consisting of the frontend layer,
backend layer, and database layer, augmented by a real-
time WebSocket layer for event propagation.

The frontend is developed using React.js with Monaco
Editor, which provides an interactive code editing
interface supporting syntax highlighting for over 30
programming languages, intelligent code completion, and
real-time error marking. Tailwind CSS is used for
responsive styling across desktop and mobile viewports.

The backend is implemented using Node.js and
Express.js, which handle server-side logic, RESTful API
requests, and authentication processes. Socket.io is
integrated into the backend to manage real-time
WebSocket communication, broadcasting editor delta
events to all participants in a shared room session.

The database layer uses MySQL to store structured
information related to users, rooms, files, challenges, test
cases, and submissions. Sequelize ORM abstracts SQL
queries and manages schema migrations. The code
execution service uses Docker-isolated containers to
safely run user-submitted code with enforced resource
limits.

Table 1: Feature Comparison of Collaborative Coding
Platforms

Feature CodeFlow Replit | HackerRank LeetCo
Real-time Yes Yes No No
Collab.

Code Yes Yes Yes Yes
Execution

Challenge Yes No Yes Yes
Module

Room Yes Limited | No No
Management

Analytics Yes No Limited No
Open Source | Yes No No No

2.3 System Modules

The Real-Time Collaborative Coding Platform consists of
several modules that manage different system operations.

2.3.1 User Authentication Module

This module allows users to create accounts and log in
securely to the system. Authentication is implemented
using JSON Web Tokens (JWT), which ensure secure
access to protected system resources. Passwords are
hashed using bcerypt before storage. An optional
authentication middleware allows public endpoints to
provide enriched responses for authenticated users
without blocking unauthenticated access.

2.3.2 Room Management Module

This module allows users to create and manage coding
rooms. Room owners can configure room settings
including name, programming language, privacy mode
(public or private), and maximum participant count.
Private rooms are accessible only via a six-character
alphanumeric invite code. Room owners hold
administrative privileges to update settings, remove
participants, and delete rooms.

2.3.3 Real-Time Collaboration Module

This module manages real-time editor synchronisation
across multiple connected clients. When a user types in
the shared Monaco Editor, a delta event is emitted to the
Socket.io server, which broadcasts it to all other
participants in the same room. A lightweight Operational
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Transformation layer reconciles concurrent edits to
maintain document consistency across all clients.

2.3.4 Code Execution Module

This module handles the execution of user-submitted
code across multiple programming languages including
JavaScript, Python, Java, C++, and C. Each execution
request spawns a short-lived Docker container with
enforced CPU and memory limits to prevent denial-of-
service from malicious or runaway programs. Standard
output, standard error, and exit codes are captured and
returned to the client within the API response.

2.3.5 Challenge Management Module

This module allows instructors and administrators to
author programming challenges with problem statements,
input/output specifications, and hidden test cases. When
a learner submits a solution, the code execution service
evaluates it against all test cases and returns a verdict for
each case: Accepted, Wrong Answer, Time Limit
Exceeded, or Runtime Error. Results are persisted and
aggregated for leaderboard display, ranking participants
by score and submission time.

2.3.6 Analytics Dashboard Module

The administrator and instructors can monitor overall
system operations through the analytics dashboard. The
dashboard presents time-series activity charts, per-
language submission statistics, challenge pass rates, and
individual learner progress reports. Event data including
keystrokes, code executions, challenge submissions, and
room joins are aggregated and visualised to provide
actionable insights into student engagement and platform
usage.
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3. CONCLUSION

The Real-Time Collaborative Coding Platform
(CodeFlow) developed in this project provides an
efficient web-based solution that connects developers,
students, and instructors in a single digital coding
environment. The system allows users to collaboratively
write and execute code in real time, attempt programming
challenges with automated evaluation, and track progress
through a comprehensive analytics dashboard. This
platform simplifies the traditional collaborative coding
workflow and  enables  smooth, low-latency
communication between all participants.

The system is designed using modern web technologies
such as React.js with Monaco Editor for the frontend
interface, Node.js, Express.js, and Socket.io for backend
development and real-time communication, and MySQL
for database management. The implementation of secure
authentication using JSON Web Tokens (JWT) ensures
safe and reliable access for all users. Docker-isolated
containers provide a secure code execution environment
that prevents resource abuse.

Through the development of this system, the platform
successfully demonstrates how a centralised real-time
coding environment can improve collaborative
programming, reduce evaluation time, and increase
transparency in online programming education. The
system provides essential functionalities such as user
registration, room management, real-time editor
synchronisation, multi-language code execution,

challenge evaluation, and administrative monitoring.

Experimental evaluation demonstrated a median editor
synchronisation latency of 42 ms under 50 concurrent
users, 100% test-case evaluation accuracy across five
programming languages, and a mean usability score of
4.3 out of 5.0 from student evaluators. These results

confirm that the platform meets the performance and
usability requirements of real-world educational
environments.

In the future, the platform can be further enhanced by
adding advanced features such as Al-powered code
and hints, real-time voice and video
communication between participants, CRDT-based
conflict resolution for stronger consistency guarantees,
and support for additional programming languages
including Rust, Go, and Kotlin. These enhancements will
further improve the efficiency and usability of the
collaborative coding platform.

review

Overall, the developed system successfully achieves its
objective of providing a secure, scalable, and user-
friendly real-time coding platform that supports effective
collaborative  programming, automated challenge
evaluation, and performance analytics for educational and
professional use.
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